Abstract. This paper deals with the torque control of multi-phase permanent magnet synchronous machines. The dynamic model of these motors is obtained using the Power-Oriented Graphs technique. This graphical modeling technique allows to write the dynamic equations of the system in a very compact form. Starting from the dynamic equations, a torque control law with saturated input voltages is proposed based on a new current vector approach for describing the voltage constraint. Some simulation results validate the proposed control law.
INTRODUCTION
In this paper is proposed a vectorial torque control with saturated input voltages of multi-phase synchronous motors. The proposed control is the generalization of the current vectorial control given in Zanasi and Grossi [2009] . The classical dynamic model of multi-phase synchronous motors with an odd number of phases can be found in Vas [1990 ] -Kestelyn et al. [2004 . The model is obtained using a Lagrangian approach in the frame of the Power-Oriented Graphs (POG) technique, see Zanasi [1994]-Zanasi and Grossi [2008] . In the present paper all the first m s Fourier series coefficients of the rotor flux are considered and the proposed control law operates in a full m s -dimensional subspace. The paper is organized as follows. In Sec. 2 the POG dynamic model of the multi-phase synchronous motors is described. In Sec. 3 and 4 the new vectorial torque control is presented. Finally, in Sec. 5 some simulation results are reported.
Notations
Row matrices are denoted as:
Column and diagonal matrices are denoted as:
and full matrices as:
The symbol " ? ? ?
? 
ELECTRICAL MOTORS MODELLING
The basic structure of a permanent magnet synchronous motor with an odd number m s of star-connected phases is shown in Fig. 1 and its parameters are shown in Tab. 1.
Let us introduce the following current and voltage stator vectors:
Using a "POG-Lagrangian" approach, see Zanasi and Grossi [2008] Zanasi and Grossi [2009] , and the following transformation matrix: 
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